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An unusual new Canadian product has won 
an Award of Distinction in the Zinc 
Institute's 1970 Zinc Die Castings of the 
Year Contest. 

The award — for novelty of functional 
concept and imaginative use of die cast 
zinc capabilities — was won for a minia- 
ture compressor which can be held in the 
palm of one hand. 
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Invention 

For this Canadian company with no previous history of 
innovative design, winning the "Diecasting of the Year Award" 
was quite a distinction. Previously, the company's role had 
been to supply diecastings to other people's requirements. 
Now, as designer of products, it had a highly valuable product 
to be marketed throughout the world. 

The original Webster Air Equipment Ltd. was formed in 19 32 to 
manufacture spray painting equipment, including the compres- 
sors. Because it used diecastings extensively, it acquired 
Oakville Diecasting in 1936. 

World War II led to an expansion of diecasting capacity to 
meet military requirements. After the war, the company went 
into the custom diecasting business primarily for the auto- 
motive and electrical industries. Under John B. Webster, the 
president and son of the founder, it continued to grow. 

In 1965 the diecasting operation was separated from the parent 
company as Webster Mfg. (London) Limited. The new company, 
specializing in zinc diecastings , had become the largest die- 
casting company in Canada. It had machine shops and electro- 
plating facilities so that it could supply complete finished 
parts and assemblies. It had also developed a small efficient 
engineering group which concentrated on assisting customers in 
designing their diecasting. 

Although the business was financially rewarding and successful, 
John Webster, began studying ways to diversify his operations. 
In 1969, Webster, through Eric A. Douglas, his treasurer, made 
the acquaintance of Bill Guenther. Bill Guenther was a German 
immigrant working as a foreman at Ford Motor Co. in Oakville. 
He had no formal education but was full of ideas and inven- 
tions. After meeting Guenther and seeing some of his ideas, 
Webster liked what he saw. They set up a separate development 
company, GunWeb Ltd., with two other investors, primarily to 
give Bill finances, facilities and opportunities to develop 
and exploit his inventions. 

In 1969, Webster Air Equipment Ltd. received a call from B. F. 
Goodrich Co., in Akron, Ohio. They had developed a bellows 
type air- jack and were looking for a portable compressor. A 
small inexpensive air compressor was required to inflate the 
air- jack using an automotive power source. Goodrich was can- 
vassing known suppliers of air equipment to see if anyone had 
or could develop such a unit. The compressor would also be 
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used with their space saver tire . Freon air bottles were 
being used but they were not sufficiently reliable for long 
storage periods . 

At the time, Bill Guenther was working on a unique oiless air 
compressor. The compressor piston was of spherical shape 
which his preliminary studies indicated had several advan- 
tages. When he heard of the Goodrich Co. requirement, he 
said that he could design the compressor using his new piston 
design . 

Bill went to work in his own shops adapting his basic ideas. 
He did all of the early work himself. His feasibility model 
had an aluminum housing in which he tried various piston con- 
figurations. Many of the things he tried didn't work out, but 
eventually the basic configuration evolved as it is today. 
(Exhibit 1) . 

An early decision was that the compressor would be driven by 
a 12 volt DC motor. Thus, the compressor could be powered 
from the cigarette lighter outlet of an automobile. This 
limited the maximum current to 10 amps. The outlet is fused 
for 11 amps. The compressor would have to be extremely ef- 
ficient with minimum torque. 

Once the basic configuration was established, Mark Tucker, a 
development engineer, was assigned to work with Bill Guenther 
to bring the unit into production. Mark had joined Webster 
Mfg. right after graduating from high school. He had spent 
five years in tool design with the company. 

Mark did all of the layout drawings of the compressors for 
Bill. He continued to work with Bill on the compressor as 
various changes were made. At first, Mark worked directly 
under Bill's supervision. As they became familiar with one 
another, Mark took over more and more of the responsibility 
for the compressor development. Although Bill continued to^ 
be involved with the compressor he eventually left the details 
to Mark. This freed Bill to concentrate on other new ideas 
for GunWeb. There was no formal transfer of responsibility 
from Bill to Mark. When Bill left the company in December 
1971, Mark found himself, after 2 years, with the technical 
responsibility for the initial unit plus the development of 
new high pressure configurations. 

Bill Guenther had tried to raise financial assistance in 
Canada for several of his other ideas but had no luck. Fin- 
ally, on the basis of GunWeb having formed a joint development 
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company with Dana Corporation, he was invited to join them in 
the U. S. He was sufficiently discouraged with the lack of 
opportunity in Canada and he accepted the offer* 

The essentials of the compressor have remained the same 
throughout the development* (Exhibits 1, 2) . A spherical 
1 inch diameter piston integral with the connecting rod is 
driven by a crank with counter-balance through a needle bear- 
ing. The crank is mounted directly on the motor shaft. 
Because of its spherical shape line, contact is maintained 
between the piston and the cylinder regardless of the angle 
of the connecting rod. 

The crank shaft is secured to the motor shaft with a set 
screw. The needle bearing shaft is of hardened steel, press 
fitted into the eccentric. 

The top of the piston (Exhibit 3) is a dome shaped cap of 
Delrin, a Dupont acetal resin. The cap acts as an intake 
valve. It is located by a shoulder bolt and is held against 
the top of the piston by a light coil spring. On the down- 
stroke, the vacuum in the cylinder lifts the cap against the 
spring off the top of the piston allowing air to flow from 
the crankcase through two holes in the piston. On the up- 
stroke, the cap seats on the piston and covers the intake 
holes. As the air is compressed in the cylinder it is forced 
out through the check valve at the top of the cylinder. The 
hemisphere at the top of the cylinder matches the spherical 
shape of the piston assembly to provide minimum dead space. 

Piston sealing is accomplished by means of the spherical 
sintered teflon bronze split ring. Teflon bronze was selected 
to reduce wear and friction. 

The compressor delivers 40 psi working pressure without ex- 
ceeding the current requirement of 10 amps. It was to in- 
flate the air- jack or space saver tire as rapidly as possible. 
The drive motor is an automotive heater blower motor. The 
motor has sintered sleeve bearings but being standard equipment 
on most automobiles it offers the advantage of being a reli- 
able, low-cost, readily available unit. 
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EXHIBIT 3 
Details of Piston Construction 
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Development 

Mark Tucker recalls that although the basic configuration 
of the compressor was established by Bill Guenther before Mark 
joined the project, there have been a considerable number of 
changes in the details to bring the unit to its present ^ state . 
The development was carried out by prototyping and testing. 
Feasibility models, prototypes and preproduction units were 
built, put on test and run until difficulties were found, 
modifications were made and the modified units tested. The 
present design is a result of extensive testing and develop- 
ment. 

To take advantage of Webster Mfg.'s zinc diecasting capabi- 
lity, the compressor was designed to use zinc wherever pos- 
sible. The first models were machined from a solid piece of 
Zamac No. 3 zinc alloy to simulate the diecastings . To 
ensure that the cylinder wear would be satisfactory a cast 
iron liner was pressed into the zinc body. 

The first unit was thoroughly tested at Webster and then 
submitted to B. F. Goodrich for their evaluation. A second 
unit was fabricated in plant testing. This was used to 
fully evaluate the design, determining current drain vs. 
pressure, development of fits and clearances of relative 
parts, etc. This prototype permitted adjustment of the 
piston stroke. The proper stroke was found for the required 
pressure for minimum motor load. As components failed the 
design was modified. Fortunately, none of the basic elements 
of the compressor failed and the necessary changes were 
readily made. 

The next step was to produce a number of prototypes for 
testing and submission to customers for evaluation. It was 
decided that 50 to 100 units, as much like the final produc- 
tion units as possible, would be required. The engineering, 
management, and production personnel at Webster got together 
to decide how to best produce these units. Fabricating the 
required number of units from bar stock was simply too ex- 
pensive. Production molds for diecasting would cost $25,000 
but could eventually be used for production, making any sub- 
sequent changes in configuration too expensive. A gravity 
zinc casting alloy was available with tooling costing less 
than $1,000 but it would mean additional machining to final 
dimensions . 
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Because they believed that design changes would still have 
to be made, they elected to go for prototype tooling. The 
method was one recently developed by the International Lead 
Zinc Research Organization (ILZRO) . Using alloy ILZRO 12, 
prototypes could be gravity cast in silicone rubber molds 
made from simple wooden patterns. The properties of these 
gravity castings, because of the alloy's relative insensiti - 
vity to cooling, are the same as for zinc diecasting. The 
silicone rubber molds were produced by a firm in Detroit 
from wooden patterns. At first 25 prototypes were made from 
the molds for testing purposes. They proved so satisfactory 
that another 50 were produced to make prototype compressors 
for customer evaluation. Eventually 200 pieces were run off 
the prototype molds to satisfy shop testing and customer test- 
ing requirements. This prototyping technique permitted Web- 
ster Mfg. to develop the compressor design before committing 
themselves to expensive production tooling. They never felt 
constrained in configuration design. 

When the final design started to come off production tooling, 
Mark recalled the various changes which had evolved ^to make 
the compressor the reliable operating unit it is. "The 
developments were largely cut and try. We would test the 
unit. If something wasn't satisfactory or didn't work, we 
would come up with a fix and try it again. If that didn t 
work we would try something else. Very little of what we 
did lent itself to computation. It was a matter of using 
our ingenuity and experience. Many things were going on at 
once and it would be difficult to recall the exact sequence 
of changes. Often several changes were being evaluated at 
the same time. We're still making improvements. There 
doesn't seem to be any end to it." 

One of the first things which had to be developed was a 
suitable wear surface for the cylinder bore. The cast iron 
liner had been satisfactory for the evaluation model but it 
certainly wouldn't do for the production units. An attempt 
to use bare zinc proved extremely unsatisfactory. Various 
platings were tried. Electro less nickel from their own 
facilities gave better results but not good enough. The 
Armalloy process which produces a uniform hard chrome finish 
directly on the zinc casting was tried. The best results 
were obtained by Irridizing, a conversion coating process 
developed by Cominco in Sheridan Park, Ontario. All pistons 
are now sent to the Chemical Processing Co. in Detroit, which 
is licensed to do Irridizing. 
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The sintered Teflon bronze ring is machined to size and 
sprung onto the piston. It provides the sealing in the 
piston bore. In the early prototyping it was found that by 
putting an expander ring behind it the seal could be improved 
and leakage reduced. At first simple shims were used behind 
the ring but now a spring steel expander ring is used. 
Exhibit 3 and Exhibit 4) . 

Not all changes proved successful. The original sintered 
ring had a step cut. It was felt that a scarf cut might give 
better sealing and be easier to produce. This was tried but 
leakage increased and the design reverted back to the original 
step cut. (Exhibit 4) 

The shoulder screw holding the Delrin cap in place (Exhibit 3) 
also gave trouble. It had the habit of coming loose during 
the early tests. This was cured by using locktight on the 
threads. Locktight is an adhesive specially developed to 
prevent threaded parts from coming loose. The use of lock- 
tight in this application led to further difficulties . When 
the shoulder screws were tightened some of the adhesive 
squeezed out from between the threads and interfered with the 
seating of the Delrin cap. A counterbore in the threaded hole 
gave the locktight somewhere to go and solved the problem. 

The outlet valve was a particularly troublesome part to get 
right. (Exhibit 5) . The design started with a brass housed 
check valve screwed into the top of the cylinder. The valve 
was a simple steel ball and spring type. As the efficiency 
of the unit was developed the leakage past the ball bacame 
critical. The Weatherhead Co. in St. Thomas, Ontario, 
offered to design a suitable check valve which could be 
substituted. This was an integral check valve with a spring 
loaded plunger with an "0" ring to provide the sealing. 

Of this, Mark says, "We fooled around with that for a couple 
of months and it seemed to work pretty well. But we still 
had too much leakage. We found that we were getting leakage 
not in the valve but where the valve was threaded into the 
zinc housing. The zinc was creeping under load and the 
threads worked loose, permitting leakage. We tried locktight 
but it simply got into the valve and closed it off completely." 

To overcome the problem, Mark decided that the check valve 
seat should be an integral part of the diecast compressor 
housing. His first attempt was to adapt the Weatherhead type 
plunger with the "0" ring. He had difficulty in getting the 
plunger to seat properly and on occasion the "0" ring would 
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come off the plunger completely. He then designed a silicone 
rubber plunger with a simple spring. This was not sensitive 
to seating alignment and proved to be the answer. 

The feedback from field trials indicated that an overpressure 
relief valve was needed. Mark started by designing the relief 
valve himself using a rubber ball and spring. Once more leak- 
age problems at the higher pressures began to plague him. 
Besides the rubber balls were expensive and the design was 
unreliable. He recalls, "I thought that we might be able to 
use a tire valve by just reversing it." He called Bridgeport 
Brass, in Bridgeport, Conn., and told them his problem. 
Bridgeport representatives suggested one of their new products, 
a catalogue item. It had been designed as a pressure relief 
valve for draft beer kegs and some military application which 
couldn't be discussed. "We decided that they should do some 
experiments and try it for our application. It seemed to be 
the answer but it took a long time to sort it out and we had 
a lot of problems in the meantime." 

The valve was an extruded brass tube with a small plunger in 
it and a molded rubber cup and spring. The spring tension 
was controlled by simply dimpling the casing. The dimpling 
could be varied depending on the application. This gave a 
low cost easily produced item. The Bridgeport laboratory 
worked out the details and made necessary samples. 

To ensure that the valves would be properly seated from the 
start, a small amount of gel was smeared over the piston and 
the unit was bench run for 5 minutes. The gel used during 
the run-in caused the sample Buna-U rubber relief valve cups 
to swell and the valves wouldn't operate. The design was 
changed to use silicone rubber cups. 

When production relief valves were received and tested, it 
was found that unlike the engineering samples, the springs 
wouldn't stay in the brass tube. Mark found that the engin- 
eering samples had locating dimples with nice sharp edges 
which held the springs securely. In the production samples, 
the dimples were rolled and had round edges. The coils of 
the spring just popped past the dimples walking out of the 
tube. When faced with this, Bridgeport Brass tried several 
things. They tried dimpling the brass deeper. They tried 
six dimples, all without success. They finally put a small 
brass washer between the spring and the dimples. They now 
had a unit which worked and the units were released for pro- 
duction by Mark. This relief valve continues to plague Mark. 
Bridgeport Brass is still having quality control problems in 
producing consistent performance. 
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Other minor changes were made throughout the development. 
Locking screws working loose under vibration were fixed by 
changing to nylock inserts or by the use of locktight. The 
base mounting and intake filter in the crank case were changed 
from a sheet metal stamping to zinc diecasting with a simple 
piece of sponge rubber acting as a filter. 

Within nine months of building the first samples , it was 
decided that the design was sufficiently well developed to 
start production tooling. The prototypes had not only been 
tested at Webster Mfg. but to meet the requirements for the 
space saver tire, it had been tested by B. F. Goodrich at 
-20 °F. and +150 °F. and proved to be satisfactory. 

The final unit {Exhibit 6) consisted of a small number of 
parts, the bulk of these were seven zinc diecastings. The 
diecastings could be made in a single family die. Throughout 
the development, price was always an important factor. It 
was recognized that the major market would be in the U. S. 
where two miniature compressor manufacturers in the Chicago 
area produced competitive compressors of conventional design. 
Therefore, the unit not only had to be technically better 
but had to have a marked price advantage to penetrate the 
market. The simplicity of design and the reliance of zinc 
diecasting would give this advantage. 
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EXHIBIT 5 

Evolution of Cutlet Valve 
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Industrial Design 

Early in the development program, management realized 
that they had a winner on their hands. The market for the ^ 
simple small compressor was not limited to the B. F. Goodrich 
air- jack and space saver tire. An immediate market was open 
for pressurizing water systems in recreation vehicles. The 
addition of a pressure switch was required. A domestic ap- 
pliance market was also anticipated. A low cost compressor 
could be used for all kinds of things around the house, e.g., 
inflating tires, soccer balls, dinghies, inflatable furni- 
ture, and many uses on marine equipment. 

At a meeting to determine how to move into direct sales, the 
most current model of the compressor was placed on the desk. 
It became apparent that the question was not how to sell it 
to the public but how to produce a sufficiently appealing 
product which would be attractive to the non -technical public. 
This called for a specialist in industrial design. 

Eric Douglas, treasurer of the company, suggested that this 
was an opportunity to apply for government assistance. The 
Department of Industry, Trade and Commerce of the Federal 
Government had recently introduced the Industrial Design 
Assistance Program (IDAP) to assist firms which had not 
previously employed industrial designers, to use them with- 
out financial risk. The objective of IDAP was to improve 
the competitive position of Canadian industry by achieving 
improvement in the quality of industrial design for its 
products . 

Webster Mfg. was successful in receiving an IDAP grant in 
March 19 71. The terms of the grant permitted offsetting the 
cost of the industrial design services and some of the 
further development costs of the product. On the strength 
of the IDAP grant, Webster Mfg. contracted for the services 
of Savage Sloan Ltd., industrial designers, to design the 
product to make it more acceptable as a consumer item and to 
design packaging suitable for retail store sales. 

A Savage Sloan industrial designer spent some time with 
Webster Mfg. learning about the product, how it worked, what 
it could be used for and where the intended market was likely 
to be. When he came back with his presentation, Eric Douglas, 
Sidney Holdsworth, Al Strickland of sales and Mark Tucker 
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were pleasantly surprised. The presentation consisted of 
five different alternatives for dressing up the unit. The 
morning wss spent discussing the relative merits of the 
alternatives. Each alternative had its advantages and dis- 
advantages. Before the meeting was over everyone had agreed 
on one design. Savage Sloan was told to go ahead and de- 
velop the concept. Everyone was pleased with having brought 
an industrial designer in on the project. An obvious need 
was being filled in the development of a commercial product. 

Savage Sloan produced a cardboard mock-up to check out the 
appearance , color , design, texture , etc. The mock-up was 
once more presented for comment and approval. A final model 
in acrylic plastic was then made of the housing and a com- 
pressor mounted in it. (Exhibit 7) The compressor mounting 
was relatively simple . 

The housing had ample storage for the air hose, electric cord, 
and connectors. The unit was run and the heat profiles were 
checked. The simple one piece construction had a nolded 
integral hinge and a snap closure. Rubber feet were inserted 
at the bottom of the housing. No one at Webster Mfg. had any 
previous experience with plastic moldings and relied heavily 
on the industrial designers to provide the expertise . To^ 
provide for the integral hinge, it was decided that the fin- 
ished product would be of polypropylene. 

At the same time an attractive photographic-type package was 
designed (Exhibit 8) so that it would be well displayed on 
the shelves. Everything seemed ideal and production was 
authorized to commence in November 1971. 

The original industrial designer assigned to the project by 
Savage Sloan Ltd. left the company. Another member of the 
firm was substituted. Savage Sloan undertook the contracting 
of the molding. No detail drawings were made of the housing, 
but a model and renderings were supplied to the tool maker 
who produced the necessary molds from these. 

When the first sample was received at Webster Mfg. there was 
shock and consternation throughout the project. The finished 
product was nothing like expected nor was it like the proto- 
type. As Mark said, "As far as general appearance was con- 
cerned, it was beautiful, but functionally it just wasn't 
there. The prototype was rigid, it closed up beautifully and 
the hinge was strong. The production unit was flexible, the 
sides wouldn't hold their shape, and where the two halves came 
together it was badly warped and left gaps all over. The 
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hinge could be torn apart by hand with little effort. If 
the unit were dropped the compressor would tear loose from 
the container- because it was fastened cantilever fashion to 
only one side. (Exhibit 8) The use of polypropylene had 
been an obviously unhappy choice. Although it had the pro- 
perties necessary for a good flexible hinge, in every other 
way it was unsuitable. 

Mark Tucker asked a private consultant, familiar with 
plastics, to come in and give an appraisal. He was not 
very complimentary. The consultant redesigned the case 
to be made from ABS plastic which has much greater rigidity 
and dimensional stability. A quarter inch lip was also 
added to the uprights to support the motor so that there 
would be two point support for the compressor in the case. 
(Exhibit 8) . The integral hinge had to be abandoned but a 
simple mechanical hinge was included in the new design. 
The die changes to produce the new part ran to $10,000. 
The new case now looked and performed like the original 
prototype . 

During these technical developments, organizational changes 
had taken place within the company. In 1970, Webster Air 
Equipment Ltd. had been sold to Canadian Curti ss Wright. 
GunWeb had originally developed the spherical piston con- 
cept for Webster Air Equipment Ltd. and worldwide patents 
had been applied for. These rights could have gone to 
Curtiss Wright. But the development had been keyed to Web- 
ster Mfg.'s diecasting facilities. Webster Mfg. therefore 
retained the rights to manufacture to GunWeb 1 s design up to 
1-1/2 inch piston diameter. Rights to applications requir- 
ing larger pistons went with Webster Air Equipment Ltd. to 
Canadian Curtiss Wright. In addition, Canadian Curtiss 
Wright became one of three principal Canadian agents for 
direct sales of Webster Compressors. Webster Mfg. could 
still sell to manufacturers in Canada or to agents outside 
the country. GunWeb continued to collect royalties on units 
produced by either Webster Mfg. or Canadian Curtiss Wright. 

One of the interesting consequences of the arrangement is 
that the Webster domestic compressor can be purchased cheaper 
in the U. S. than in Canada. 

By 1972, B. F. Goodrich had dropped the idea of the air- jack 
but the compressor was fully developed and new markets had 
opened up. A number of units had to be delivered to cus- 
tomers of prototype tooling and by August 1972, production 
was in full swing and everyone at Webster Mfg. was looking 
forward to expanded sales and ways to new markets. 
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Units had been sold to various recreation vehicle manu- 
facturers. Six hundred units a month were required for 
export to Germany for the space saver tire. Montgomery 
Ward had contracted to retail compressors in the U. S. 
These are typical of the markets being developed for the 
unit throughout the world. 

Mark Tucker is now working on developing a new compressor of 
the same basic design for higher pressures. This means 
changing many of the components because of the higher loads, 
and undoubtedly a. ball bearing motor will be necessary for 
the same reason. 




EXHIBIT 7 
Design of Compressor Housing 
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